Patients with multiple cutaneous squamous cell carcinomas (CSCCs) pose a management challenge for physicians, but their prognosis is unknown because outcomes have not been compared between patients who form single vs multiple CSCCs. , and death due to CSCC). Outcomes were compared between patients with 1 vs more than 1 CSCC via multivariable competing-risk regression adjusted for other significant cofactors.
T he annual incidence of cutaneous squamous cell carcinoma (CSCC) in the United States is estimated to be between 400 000 and 700 000. 1 Although most cases of CSCC are curable, a small subset recur, metastasize, and cause death. 2 It is estimated that between 4000 and 8800 deaths due to CSCC occur annually in the United States. In southern and central states, deaths due to CSCC are estimated to exceed the number of deaths due to several common cancers, including melanoma.
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Several risk factors have been associated with poor outcomes in patients with CSCC in large cohort studies 4-8 that used multivariable analysis, including large tumor diameter, depth of invasion, poor differentiation, perineural invasion, lymphovascular invasion, desmoplasia, immunosuppression, and ear, temple, or lip location. In Brigham and Women's Hospital (BWH) tumor staging, tumors with 2 or more risk factors (diameter of ≥2 cm, tumor invasion beyond the subcutaneous fat, poorly differentiated histologic features, or large-caliber nerve invasion of ≥0.1 mm) are considered high-stage CSCC and carry an elevated risk of nodal metastases (NM) and death. 9, 10 A few studies [11] [12] [13] [14] [15] have documented an increased risk of subsequent CSCC formation in patients with prior CSCCs. However, the effect of multiple tumor formation on CSCC outcomes is poorly quantified. There is only 1 cohort study, 16 to our knowledge, that compared CSCC outcomes between patients with 3 or more nonmelanoma skin cancers and patients with fewer than 3 nonmelanoma skin cancers. It reported an elevated risk of new CSCCs and melanoma formation and a higher overall mortality rate among patients who formed multiple nonmelanoma skin cancers. There are no studies, to our knowledge, that specifically evaluate CSCC outcomes in individuals who form multiple vs single CSCCs. This study compares the outcomes of patients with 1 CSCC with those who form multiple CSCCs.
Methods

Patient Selection and Medical Record Review
Methods of data collection and outcome ascertainment for this cohort have been reported previously. 5 In brief, the BWH Department of Pathology electronic database was searched using the keywords squamous and carcinoma to locate all pathology reports with a diagnosis of CSCC from January 1, 2000, through December 31, 2009. The diagnoses of noncutaneous squamous cell carcinoma, in situ CSCC, and recurrent CSCC were excluded. Electronic medical records of included patients were reviewed. Outcomes of interest, including local recurrence (LR), NM, and death due to CSCC, were recorded. Outcome data were obtained from the notes of primary care physicians, dermatologists, oncologists, head and neck surgeons, plastic surgeons, and/or radiation oncologists. Local recurrence was considered to have occurred if the pathology report documented invasive CSCC in the same anatomic location as a prior CSCC and the second lesion was considered a recurrence of the index primary tumor. Nodal metastasis was defined as pathologically confirmed CSCC in a draining nodal basin of the primary CSCC with no other potential source. Death due to CSCC was considered to have occurred if the treatment team documented that the patient died because of a specific CSCC or complications that directly arose from it. Additional information recorded from the medical records included demographic factors, such as age at the diagnosis of the primary tumor, sex, race, ethnicity, treatment of the primary tumor, and the immune status of the patient at the time of data collection. The Partners Human Research Committee approved this study.
Tumor Staging
Tumor stages were assigned to all tumors using the BWH tumor staging system, which was found to have better prognostic discrimination than the 2010 American Joint Committee on Cancer and the 2010 International Union Against Cancer tumor staging systems. 9 
Statistical Analysis
Baseline patient demographic and CSCC clinical characteristics were analyzed using descriptive statistics and frequency tabulation. Univariate and multivariable model building was conducted to determine if patients with multiple vs single CSCCs had different outcomes when adjusting for other factors that may affect outcomes, such as tumor stage, age, and immune status. By necessity, 1 tumor per patient was entered into the multivariable analysis. If a patient had only 1 CSCC, that was the tumor analyzed. If a patient had multiple CSCCs and developed a poor outcome, the skin cancer that resulted in the poor outcome was selected for analysis (regardless of stage). For 3 patients with multiple poor outcomes arising from different tumors, the skin cancer that resulted in the worst outcome was selected (eg, the tumor resulting in NM was selected instead of the tumor that only caused LR). For patients with multiple CSCCs (n = 235) without poor outcomes, 1 tumor was randomly selected for analysis. If such a patient had both high-and low-stage tumors, the randomly selected tumor was chosen from the high-stage tumors because they were rare among the cohort; this process increased the number of high-stage cases with good outcomes in the analysis. This selection was considered appropriate because such patients did not develop a poor outcome due to their high-stage CSCC while their low-risk tumors likely contributed little to their overall risk of developing a poor outcome. A sensitivity analysis was also conducted. For this analysis, 1 tumor was selected at random for all patients with multiple CSCCs without prioritizing the selection of tumors that resulted in poor outcomes or were classified as high stage.
Competing risk analysis using the method of Fine and Gray 17 was conducted to examine univariate and multivariable associations with each outcome of interest, comparing outcomes of patients with single vs multiple CSCCs. The proportional hazards assumption was checked via Schoenfeld residual plots. For LR, NM, and death due to CSCC, cases were censored on the date of the last follow-up or on the date of death per the Social Security Death Index. If death occurred more than 3 months after the date of the last follow-up, the patient was considered unavailable for follow-up and was censored on the date of last follow-up rather than the date of death.
Multivariable models were built through forward stepwise selection and backward elimination. Variables were added based on their relative effect estimates on univariate modeling and retained if the Wald test comparing the smaller model with the larger model was significant at P ≤ .05 or if the P value comparing the 2 models was borderline (>.05 to >.99) and addition of the variable changed the subhazard ratio by at least 10%. Life tables and Kaplan-Meier curves were generated to illustrate event-free survival for LR and NM and diseasespecific survival for death due to CSCC. All statistical tests were Outcomes Table 2 compares the 10-year cumulative incidence of poor outcomes by the number of CSCC tumors. The incidence of LR and NM was higher in patients with 2 to 9 CSCCs and markedly higher in those with 10 or more CSCCs compared with patients who had 1 CSCC (10-year cumulative incidence for 1 CSCC: LR, 3.0%; 95% CI, 2.0%-4.5%; and NM, 2.3%; 95% CI, 1.5%-3.8%; for 2-9 CSCCs: LR, 6.7%; 95% CI, 4.2%-10.6%; and NM, 5.9%; 95% CI, 3.5%-9.6%; and for ≥10 CSCCs: LR, 36.8%; 95% CI, 19.2%-59.0%; and NM, 26.3%; 95% CI, 11.8%-48.8%). No difference in death due to CSCC was observed between groups (1 CSCC, 2.2%; 95% CI, 1.4%-3.5%; 2-9 CSCCs, 2.1%; 95% CI, 1.0%-4.8%; and ≥10 CSCCs, 0%). Poor outcome events were stratified by the number of CSCCs subdivided by the BWH tumor stage in Table 3 . Poor outcomes were significantly higher in patients with high-stage tumors compared with those who had low-stage tumors regardless of the number of CSCCs that were formed in these patients. 
Discussion
In this single-center cohort of patients with CSCC, CSCCs were more likely to recur (locally or via nodal metastasis) in patients with multiple CSCCs compared with patients who had 1 CSCC. Patients with multiple CSCCs were significantly more likely to develop high-stage tumors than patients with 1 CSCC on multivariable analysis of poor outcomes, so analyses were adjusted for tumor stage. However, even after adjusting for tumor stage, patients with multiple CSCCs had worse outcomes, especially those with 10 or more CSCCs. In fact, onefourth of these patients developed nodal metastasis. People with multiple CSCCs were more likely to be immunosuppressed, consistent with prior studies, [14] [15] [16] yet immunosuppression alone had no significant effect on CSCC outcomes in multivariable analysis (LR, NM, or death due to CSCC). In addition, patients with 10 or more CSCCs were significantly younger than those with 1 or 2 to 9 CSCCs (mean age, 63 vs 69 and 71, respectively; P = .005). This difference is likely owing to many patients in this group having been immunosuppressed for many years. Of 19 patients with 10 or more CSCCs, 15 were immunosuppressed; the mean duration of immunosuppression among these patients was 20 years. With many years of continuous immunosuppression in these relatively young patients, the potential for multiple CSCC formation is likely increased. This study may have been underpowered to fully evaluate the effect of immunosuppression or other cofactors that may have some interplay with multiple CSCC formation and outcomes of patients with CSCC. However, more than 75% of patients with multiple CSCC formations were immunocompetent, indicating that CSCC formation can be a significant problem for the immunocompetent and risks of poor outcomes are still elevated with apparently intact immunity when multiple tumors form in people. It is known that with advancing age, there is a relative decrease in immune surveillance in the skin, which may drive multiple CSCC formation in persons who are otherwise immunocompetent. 18, 19 Nearly 80% of the patients with 10 or more CSCCs (15 of 19 patients) were immunosuppressed. This group may be a particularly high-risk subgroup worthy of further outcome studies with larger cohorts because more than 25% of these patients developed NM. Somewhat surprisingly, none of these patients died of CSCC. It may be that high vigilance resulting in early detection of metastasis, aggressive treatment, and immunosuppression reduction contributed to high survival in this subgroup. However, it may also be that profound immune suppression resulted in death due to other causes (which affected 9 of these 19 patients [47.4%]) before death due to CSCC occurred.
There is a body of literature supporting oral retinoids for reduction of CSCC formation. In this cohort, only 6 of 239 (2.5%) patients with 2 to 9 CSCCs and 6 of 19 (31.6%) patients with 10 or more CSCCs were prescribed acitretin and were able to continue taking the drug for a minimum of 6 months (range, 6-83 months). It was effective in this group, with no additional CSCCs developing in 5 of 12 patients (41.7%).
The increased risk of poor outcomes with multiple CSCCs may be because each CSCC is its own event and carries its own inherent risk of recurrence and metastasis, yet these individual risks still accumulate in an individual. As the baseline risk of a tumor rises, so does the incremental increase in cumulative risk with additional occurrences of CSCC, particularly high-stage CSCC.
Conclusions
To our knowledge, this study is the first to compare the risk of LR, NM, and death due to CSCC between patients with multiple CSCCs and those with 1 CSCC. These findings substantiate the importance of close follow-up for dermatologic patients with multiple CSCCs, especially those with many tumors, and highlight the necessity for dermatologists to document prior CSCC sites, examine the scar sites of prior CSCCs, and perform lymph node examinations in those patients. Larger studies are required to determine which factors affect multiple tumor formation and subsequent outcomes.
